One-tenth millilitre of undiluted well-mixed urine was inoculated directly into 9 9 ml. of thioglycollate broth. Inoculated tubes were incubated at 37°C. and examined daily for macroscopic growth for a maximum of eight days. All tubes revealing growth or questionable growth were Gram-stained and inspected for cellular morphology and Gram-reaction.
Qualitative and quantitative urine cultures, as screening tests in the laboratory diagnosis of urinary tract infection, have become well-established procedures. To date, however, most studies have investigated the recovery of aerobic bacteria. This report summarizes the results of our attempt to isolate and identify anaerobic organisms. Anaerobic bacteriuria is assessed for clinical significance.
MATERIALS AND METHODS
SPECIMENS Routine cultures were done on 15,250 consecutive clean mid-stream or catheter urines received in the Clinical Microbiology Laboratory of the University Hospital from April 1962 to April 1965. Specimens were received from both in-patient and out-patient units; however, no attempt was made to separate specimens by source. Clinical records from 147 patients, representing 158 anaerobic isolates, were reviewed for evidence of urinary tract infection and the possible pathogenic role of anaerobic bacteria. TEST METHODS In evaluating large numbers of routine cultures, test methods were simplified to provide generic rather than specific identification.
One-tenth millilitre of undiluted well-mixed urine was inoculated directly into 9 9 ml. of thioglycollate broth. Inoculated tubes were incubated at 37°C. and examined daily for macroscopic growth for a maximum of eight days. All tubes revealing growth or questionable growth were Gram-stained and inspected for cellular morphology and Gram-reaction.
All Gram-negative bacilli were subcultured on MacConkey's agar for aerobic incubation at 37°C., on 5% human blood agar for incubation in 3% carbon dioxide at 37°C. The Gram-negative variably pleomorphic rods, which failed to grow on MacConkey's agar in 24 hours, did not grow on blood agar within 48 hours Received for publication 20 June 1966. in 3 % CO2, but did grow anaerobically producing very small, round, slightly raised, translucent or transparent colonies, regarded as Bacteroides species. This group of organisms was not further identified.
Non-sporulating Gram-positive rods of characteristic morphology which produced poor to slight growth in thioglycollate broth and no growth within 48 hours on 5 % human blood agar, incubated in 3 % carbon dioxide or under anaerobic conditions, were classified as Lactobacillus species.
All Gram-positive cocci were subcultured to 5 % human blood agar plates and incubated aerobically, capneically, and anaerobically for 48 hours. The Grampositive cocci which grew only under anaerobic conditions were identified either as Peptostreptococcus species or Peptococcus species on the basis of morphological characteristics after Gram-staining of thioglycollate cultures and on the presence or absence of catalase production. Species characterization was not done.
Catalase-negative Gram-positive rods growing anaerobically were considered to be Clostridia. The majority of these organisms were further characterized specifically on the basis of routine tests.
One hundred and ninety-five of 15,250 consecutive anaerobic urine cultures yielded one or more anaerobic isolates. Of these 62, or 32%, of anaerobic isolates were present in pure culture.
Although mixed anaerobic and aerobic cultures predominated, there were only rare instances of more than one anaerobic organism isolated per specimen. These results are summarized in Table I . Table II indicates the frequent occurrence of anaerobic genera in routine urine culture. Lactobacillus species were in the majority followed by the Clostridial group. Bacteroides, Peptostreptococcus, and Peptococcus species together composed less than 16 % of the total.
The ratio of isolation of anaerobes in females as compared to males, 3-7/1 -0, is at variance with the usual University Hospital in-patient out-patient ratio of about 1 -0/1-0. Although this indicates the greater likelihood of 573 The clinical records for patients with pure lactobacilluria were reviewed, and in no instance could an anaerobic Lactobacillus species be incriminated as a urinary tract pathogen. Twenty-two of 53 isolates from mixed cultures were associated with clinical findings suggestive of urinary tract infection. The remainder were recovered from asymptomatic patients.
The common association of lactobacilluria and diabetes mellitus was an interesting finding. The details are illustrated in Figure 1 . In (Schulte, 1939) .
McVay and Sprunt (1952) reported seven isolations of Bacteroides species from urine, including four in pure culture, but were unable to demonstrate these as significant urinary tract pathogens. The experience of these authors closely parallels our own. A review of the clinical records from nine patients from whose urine a Bacteroides species was isolated failed to establish the pathogenicity of these organisms.
Seven of the nine isolates were from females. This may reflect the greater chance for contamination of the distal urethra in the female by genital or faecal flora compared with the male.
PEPTOSTREPTOCOCCUS The pathogenicity of the anaerobic streptococci is well established, particularly in post-partum infections or as occasional pulmonary pathogens. In concert with Gramnegative anaerobes or staphylococci they can produce severe chronic suppurative inflammation in soft tissue. Anaerobic streptococci, isolated in pure culture, as a primary cause of pyelonephritis or cystitis is unreported. A single case report (McVay and Sprunt, 1952) describes repeated recovery of an anaerobic streptococcus and Bacteroides species from the urine with recovery of the same bacteria from tissue.
Anaerobic streptococci were recovered from the urine on 11 occasions, four in mixed culture and seven in pure culture. A review of clinical records failed to relate these organisms to urinary tract disease.
PEPTOCOCCUS Anaerobic Gram-positive cocci classifiable as anaerobic staphylococci were isolated in pure culture on six different occasions from six different patients. Five of the six isolates were from females. This finding would be in agreement with Bergey (Breed, Murray, and Smith, 1957 ) that the usual source of these organisms is the female genital tract if they be regarded as contaminant flora of the urethra.
The significance of anaerobic staphylococci as urinary tract pathogens is uncertain at best. No recorded examples of these organisms acting as urinary tract pathogens were found and they could not be considered pathogenic in any patient in this small group.
CLINICAL INFECTION AND ANAEROBIC BACTERIURIA
The clinical records of patients who had clear-cut signs and symptoms of urinary tract infection and also had anaerobic bacteriuria, were selected for additional study. Fifty-four patients could be so classified. Of these, only seven yielded anaerobic species in pure culture. Of the remaining 47 an acceptable aerobic pathogen predominated or no conclusion could be drawn. In those cases from which a possible aerobic pathogen was also isolated, the distribution and incidence of aerobic genera was the same as for those urine specimens not containing an anaerobic organism, i.e., Escherichia coli, coliform bacteria, enterococci, Aerobacter-Klebsiella species, proteus species, and pseudomonas species. In considering the possibility of anaerobic infection in the seven symptomatic patients with anaerobic bacteriuria yielding an organism in pure culture the following criteria for pathogenicity were set:
(1) Isolation of the same anaerobic organism directly from the inflammatory process; (2) presence of an infection characteristic for the organism isolated; (3) two or more consecutive urine cultures yielding the same anaerobe in pure culture or as the predominating organism. In no instance could these criteria be satisfied either singly or in combination. The clinical details are summarized in Table III In an effort to define more clearly the possible role of anaerobic bacteria in urinary tract infection, anaerobic culture of urine is done randomly for investigation of specific diagnostic problems and as routine on premium specimens obtained by percutaneous bladder puncture or ureteral catheterization.
It should be emphasized that the screening methods applied to the cultures reported in this study are not sufficiently exacting for maximum recovery of anaerobic and capnophilic bacteria. Small numbers of fastidious organisms are, on occasion, undoubtedly overgrown by less demanding organisms in fluid media. Primary cultures should be done on highly nutrient solid media in Brewer anaerobic jars or anaerobic incubators in an atmosphere of line gas or nitrogen plus 10 % carbon dioxide for 48 hours at 37°C. It is also important to use fresh specimens to maintain optimal conditions and to Gram-stain films of sediment as a cross-check for faulty incubational technique.
